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In this Letter we report the direct measurement of velocity-space transport coefficients in the direction of the confining magnetic field. The coefficients may be interpreted along the lines of the Fokker-Planck formalism.
The measurements were made using the techniques of laser-induced Auorescence (LIF) [I] and optical tagging [2] . The tagging technique allows ion trajectories to be followed in phase space. When only thermal fluctuations are present we expect transport to be due to classical Coulomb collisions only. Measurements taken under this condition agree well with test-particle calculations made by Rostoker [3] . In the presence of enhanced lluctuation levels due to drift waves, however, there is a pronounced increase in the velocity diffusion coeScient at a velocity less than thermal speed. There is a large body of work on the theoretical aspects of velocity-space transport [4] and considerable work has been done at University of California at Irvine and elsewhere on the measurement of realspace diffusion [5, 6] . However, the measurements reported here are unique in that they allow direct comparison with detailed theoretical calculations such as the FokkerPlanck coefficients.
A schematic of the experiment, which was performed in the UC Irvine g-Machine [7] , is shown in Fig. I . Two laser beams were used: one, the tagging beam, pumped particles from the ground state of the barium ion into a long-lived metastable state, and the other examined the same metastable state and thus identified the tagged particles. The two beams were superimposed by a hearn splitter and directed through the collector end of the plasma column. The photon emission from the tagged particles was picked up by lens systems that directed the optical signal to photomultipliers (PMT). The output of each laser was pulsed by means of an acousto-optical modulator.
As explained in Ref. [I] , the frequency of the laser light is related to the ion velocity through the Doppler shift. Sweeping the laser frequency amounts to scanning the ion velocity. This allows the determination of the ion velocity distribution, from which the ion temperature and other information may be determined. To take the tagging measurements an initial velocity scan of the plasma ions was made with the tagging laser.
This yielded a calibrating scan that allowed us to determine the zero velocity point in the plasma reference frame (the plasma drifts toward the cold collector at nearly twice the thermal speed). The laser is then set to the desired velocity. The output from the lasers was pulsed as described above except that the tagging laser was pulsed at half the repetition rate of the search laser. This allowed alternate pulses of the search laser to be used to subtract out both the background distribution function and any background light present. Pulse sequences are shown in Fig. 1 . The frequency of the search beam was then swept using the pulse sequence I in the figure. The velocity distributions obtained were continuous distributions of only the tagged particles averaged over 10-psec intervals. The distributions show that particles, originally at a specific velocity, have diffused to other velocities over the 10-psec interval. A duration of 10 psec is long enough for significant diffusion in velocity space to have Thus the change in the first and second moment of the measured tagged particle s distribution gives the velocity-space convection and diffusion rates, respectively.
Having established a conceptual basis, the experimental results can now be compared with the three-dirnensional theory for ion-ion collisions in a fully ionized plasma given by the Fokker-Planck equation [8] vh» (2) where T refers to the tagged particles, cr7-is the standard deviation of the initial tagged particle distribution, and n is the density. were taken in the quiet plasma condition and show good agreement with Rostoker's theory. The solid squares show data taken when the plasma density profile was altered to have a sufficiently large gradient to destabilize drift waves with Sn/n = 6.0% and a frequency of approximately 1.5 kHz. The dramatic departure from theory is quite apparent; the data show a peak in the axial velocity diffusion coefficient at a velocity about -0.7v&h, . At velocities higher than zero in the plasma frame agreement with classical predictions seems to be restored. When fluctuations are present, the scatter of points does not allow any further conclusions to be drawn. The relatively large error bars are due to the fact that the convective coefficient, being linear in v, is very susceptible to the relative drift of the tagging and search lasers, while the diffusion coefficient, being dependent on the spread in the velocity and not the shift in average velocity, is not as sensitive.
In conclusion, for particles near equilibrium the measured velocity-space diffusion coefficient is in agreement with classical collisional test-particle predictions. Additionally, when the fluctuation level is significantly greater than thermal, classical collisional theory is insufficient to predict results. We are actively pursuing an explanation at this writing. The dependence of the perpendicular spatial diflusion coefficient on the magnitude of density fluctuations has already been discussed by one of the authors [6] .
